In this article, we tentatively identify the charmed mesons DJ (2580), D * J (2650), DJ (2740), D * J (2760), DJ (3000), D * J (3000) observed by the LHCb collaboration according to their spin, parity and masses, then study their strong decays to the ground state charmed mesons plus light pseudoscalar mesons with the heavy meson effective theory in the leading order approximation, and obtain explicit expressions of the decay widths. The ratios among the decay widths can be used to confirm or reject the assignments of the newly observed charmed mesons. The strong coupling constants in the decay widths can be fitted to the experimental data in the future at the LHCb, BESIII, KEK-B andPANDA.
Introduction
Recently, the LHCb collaboration studied the + was observed in the D 0 π + final state [1] . Furthermore, the LHCb collaboration observed one unnatural parity resonance D J (3000) 0 in the D * + π − final state, two structures D * J (3000) 0 and D * J (3000) + in the D + π − and D 0 π + mass spectra, respectively [1] . The revelent parameters are presented in Table 1 .
In Table 2 , where we also present the possible correspondences among the particles observed by the LHCb and BaBar collaborations.
In Ref. [3] , we study the strong decays of the charmed mesons D(2550), D(2600), D(2750) and D(2760) with the heavy meson effective theory in the leading order approximation, and tentatively identify the (D(2550), D(2600)) as the 2 S doublet (0 − , 1 − ), the (D(2750), D(2760)) as the 1 D doublet (2 − , 3 − ), respectively. Other studies lead to similar or slightly different assignments [4, 5] . Now, we extend our previous work to study the strong decays of the charmed mesons observed by the LHCb collaboration with the heavy meson effective theory in the leading order approximation.
Let us take a short digression to discuss how to classify the heavy-light mesons. In the heavy quark limit, the heavy-light mesons Qq can be classified in doublets according to the total angular momentum of the light antiquark s ℓ , s ℓ = sq+ L, where the sq and L are the spin and orbital angular momentum of the light antiquark respectively [6] . In the case of the radial quantum number n = 1, the doublet (P, P * ) have the spin-parity J
for L = 0; the two doublets (P * 0 , P 1 ) and 1 E-mail:zgwang@aliyun.com.
(N) 2649.2 ± 3.5 ± 3.5 140.2 ± 17.1 ± 18.6
66.7 ± 6.6 ± 10.5 respectively for L = 1; the two doublets (P * 1 , P 2 ) and (P 2 , P * 3 ) have the spin-parity J
respectively for L = 2; the two doublets (P * 2 , P 3 ) and (P 3 , P * 4 ) have the spin-parity J
respectively for L = 3, where the superscript P denotes the parity. The n = 2, 3, 4, · · · states are clarified by analogous doublets, for example, n = 2, the doublet (P ′ , P * ′ ) have the spin-parity J 
0 have natural parity, and their possible spin-parity assignments are J P = 0 Table 3 : The masses of the charmed mesons from different quark models compared with experimental data, and the possible assignments of the newly observed charmed mesons. The N and U denote the natural parity and unnatural parity, respectively.
The strong decays with the heavy meson effective theory
In the heavy meson effective theory, the spin doublets can be described by the effective super-fields H a , S a , T a , X a , Y a , Z a and R a , respectively [14] ,
,
where the heavy meson fields P ( * ) contain a factor M P ( * ) and have dimension of mass 3 2 . The super-fields H a contain the S-wave mesons, S a , T a contain the P-wave mesons, X a , Y a contain the D-wave mesons, Z a and R a contain the F-wave mesons. The n = 1, 2, 3, · · · heavy mesons with the same heavy flavor have the same parity, time-reversal and charge conjunction properties except for the masses, and can be combined into the super-fields:
etc, where the superscripts ′, ′′ and ′′′ denote the n = 2, 3, 4, · · · states, respectively. We can replace the heavy meson fields P ( * ) with their corresponding radial excited states to obtain the corresponding super-fields
The light pseudoscalar mesons are described by the fields ξ = e iM fπ , where
and f π = 130 MeV. At the leading order, the heavy meson chiral Lagrangians
s K states can be written as:
where
is the chiral symmetry-breaking scale and taken as Λ = 1 GeV [12] , the strong
, the L Z and L R are constructed accordingly in this article. The subscript indexes H, S, T , X, Y , Z and R denote the interactions between the super-field H and the super-fields H, S, T , X, Y , Z and R, respectively. We smear the superscripts ′, ′′, ′′′, · · · for simplicity, the notation g H denotes the strong coupling constants in the vertexes HHA, H ′ HA, H ′ H ′ A, H ′′ HA, · · · , the notations g S , g T , g X , g Y , g Z and g R should be understood in the same way. We can also study the decays to the light vector mesons V besides the pseudoscalar mesons P with the replacement V µ → V µ + V µ , and introduce additional phenomenological Lagrangians [16] , therefore additional unknown coupling constants, which have to be fitted to the precise experimental data in the future, and is beyond the present work.
From
we can obtain the widths Γ for strong decays to the final states
where the T denotes the scattering amplitudes, the i and f denote the initial and final state heavy mesons, respectively, the J is the total angular momentum of the initial heavy meson, the denotes the summation of all the polarization vectors of the total angular momentum j = 1, 2, 3 or 4, and the P denotes the light pseudoscalar mesons. Now we write down the explicit expressions of the decay widths Γ in different channels,
• (2
Γ(2
the coefficients
. We obtain the expressions in the bracket " [] " by taking into account the different four-velocities of the initial and final state heavy mesons. The on-shell conditions require that
In some multiplets, the conditions v µ = v ′ µ and v µ = v ′ µ lead to quite different decay widths but similar ratios among the decay widths. The ratios among the decay widths can be used to identify the heavy mesons, we expect that the expressions in the bracket " [] " cannot lead to different conclusions. In calculations, we take the approximation A µ ≈ i ∂µM fπ and neglect the intermediate loops of light pseudoscalar mesons. Furthermore, we neglect the flavor and spin violation corrections of order O(1/m Q ) to avoid introducing new unknown coupling constants, and we expect that the corrections would not be larger than (or as large as) the leading order contributions.
Numerical Results
The Tables 4-5 , where we retain the strong coupling constants g H , g X , g Y , g Z and g R . The strong coupling constants can be fitted to the experimental data in the future at the LHCb, BESIII, KEK-B andPANDA, and taken as basic input parameters in studying the interactions among the heavy mesons. The strong coupling constant g H for n = 1 vary in a large range g H = 0.1 − 0.6 from different theoretical approaches, it is difficult to choose the optimal value [17] , we usually fit the g H to the decay width Γ(D * + → D 0 π + ) from the CLEO collaboration [18, 19] . The strong coupling constants g H (with n = 2, 3), g S (with n = 2), g T (with n = 2), g X , g Y , g Z , g R involve the radial excited S-wave and P-wave heavy mesons and ground state D-wave and F-wave heavy mesons, it is impossible to determine their values with the heavy quark (or meson) effective theory itself without enough experimental data. The existing theoretical works focus on the strong coupling constants g H , g S , g T for the ground state S-wave and P-wave heavy mesons [16, 17, 20] , while the works on other strong coupling constants are rare [21] .
In Table 6 -7, we present the ratios Γ = Γ Γ(D J (3000) observed by the LHCb collaboration, which can be used to identify the charmed mesons by confronting them with the experimental data in the future. In previous work [3] , we tentatively identify the (D(2550), D(2600)) as the doublet (0
with n = 1 via analyzing the ratios of the branching fractions,
with the heavy meson effective theory in the leading order approximation. The measurement of the LHCb collaboration also favors the assignment (
with n = 2 [1] . The helicity distribution from the BaBar collaboration disfavors identifying the D(2750) as the 3 − state [2] , which is compatible with the measurement of the LHCb collaboration that the D J (2740) has unnatural parity [1] . The measurement of the LHCb collaboration favors two possible assignments,
We tentatively identify the D J (2740) as the 1 D state with J P = 2 − , however, the assignments 1 D − also lead to quite different ratios among the decay widths. We can confront the present predictions with the experimental data in the future to identify the newly observed charmed mesons.
In Table 8 , we present the experimental data on the ratio
2460)→D * + π − ) for the well established meson D * 2 (2460) from the BaBar [2] , CLEO [22, 23] , ARGUS [24] , and ZEUS [25] collaborations, the present prediction 2.29 based on the heavy meson effective theory in the leading order approximation is in excellent agreement with the average experimental value 2.35. The heavy meson effective theory in the leading order approximation works well. Table 5 : The strong decay widths of the newly observed charmed mesons with possible assignments. 
